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Abstract 
In Hungary, a significant proportion of solid waste is get into landfills. In the future, we will have to find more modern 
methods for a waste treatment, but these landfills will work for a long time. It is necessary to prepare for recultivation or possible 
utilization of the area of these landfills. To solve these tasks, it has been having to know the physical, biological and chemical 
characteristics on the one hand, and we have to search for law of material and possibility for modelling to estimate and forecast the 
probable subsidence of the surface on the other hand. To solve the task, we had recourse to modelling which is one of the general 
methods of engineering. We chose the soil mechanical model from rheological, biodegradational, empirical, etc. ones. The 
examined municipal landfill is the Regional Waste Management Centre in Pusztazámor, which is one of the biggest landfills in 
Hungary. We took out 22 samples from two boring holes, and created average samples. The samples were put in categories 
according to degradation phase and the shear strength parameters were determined in the Technical University of Budapest. These 
data were used for our calculations of the settlement of the landfill hill. A bigger size oedometer was developed for the experiment. 
Considering the results of the in situ subsidence measuring, the calculation model was corrected and validated. It was used Plaxis 
2D FEM program for modelling.  Models MC, HS and SSC were used, and then we validated and controlled it. It has been found 
that model SSC describes reality with the accuracy expectable, when we built up the model layer by layer according to the 
degradation phase in time. The settlement of a municipal landfill were estimated applying the soil mechanical model. 
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1. Introduction 
Environmental protection is one of the key issues of the waste management. It is not the best solution to keep waste 
in deposits, but it is important to expand knowledge of connection with landfill, because they will operate for a long 
time. New knowledge is needed for their recultivation and also the utilization of the recultivated land. One of the 
motivations of the land use can be a fact, that due to the expansion of the strata, the previous outskirts become inner-
city areas. The other possibility is that, the territory of the landfill in the outer areas, in this case energetic use, is 
justified (Energy Hill Concept). In both cases mechanical characteristics of waste hill are needed since the foundation 
of engineering structures can be planned economically just with the full knowledge of them, and in this case the waste 
deposited is the substratum. 
2.  The issue of the deformation of waste hill 
The aim of our research is to estimate the deformation of waste body in space and time by the help of determination 
of physical characteristics of it. This can be solved by modelling which is one of the most general tools of technical 
tasks. In addition to our modelling, we used to know physical characteristics of subsoil, the measuring of surface 
subsidence of the landfill and the results of shear strength and other types of tests [1]. 
2.1. Theoretical background 
After the review of the literature, it can be concluded that mechanical, rheological, biodegradational, and empirical 
models can be classified [2]. The different models show high deviation [3], the deformation behaviour depending of 
the applied model. More exact prognosis can be made when surface subsidence is measured on the landfill and the 
expectable subsidence is given base on the data of the initial measuring. The longer measurement time series are 
available, the more accurate the estimate will be [4]. We opted for the soil mechanics-based modelling since the waste 
can be considered as grainy material [5]. We were looking for the simplest tests, theories and models; witch gives 
acceptable accuracy, because it is the most favorable from practical point of view. 
2.2. Spot of the test 
The municipal landfill is managed by the Regional Waste Management Centre, which can be found 23 kms from 
Budapest in the South-West. The landfill is built with technical protection in accordance with domestic regulations 
and guidelines of the EU. The landfill operates in 5 phases and with nominal capacity of 19 million m3. The first phase 
(18,3 ha, 4 million m3) became full by the end of 2012 and its height reached 50 meters. (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 1. Photo of the landfill (FKF Zrt.). 
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2.3. Measuring in laboratory and in situ 
The excavation of the waste hill was carried out by making 2 geotechnical boreholes (12-21 m depth in feet).For 
our test, the 22 semi-confusion samples were preserved by freezing. We formed average samples from these samples 
in the following way (Tab. 1): 
   Table 1. Samples. 
Name Degradation phase Boreholes Depths (m)  
S-1 2 103F 
104 F 
0.50, 1.00, 1.50, 2.00   
0.50, 1.00, 1,50, 2.00 
S-2 3 103F 
104 F 
2.50, 3.50, 4.50, 5.50  
2.50, 3.00, 4.50, 5.50    
S-3 4 103F 6.50, 7.50, 8.50, 9.50, 10.50, 11.50 
 
2.3.1. Laboratory equipment, methods 
We built a special oedometer since the waste contains bigger “grains” than different types of soil in general (Fig.2a). 
We built two steel diaphragm pressure sensors in the sidewall of the box. We loaded it vertically (5-10-20-40-80-160-
320-640 kN/m2), and we read the compression in time (1-2-5-10-15-30-60-120-180-240-300-1440-2880 min etc.). 
We operated each load step for a reasonable period of time until the physical compression was probably played out. 
We applied load & reload cycles at planned and necessary times. 
 
 
a         b  
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) The oedometric investigation (b) measuring point. 
2.3.2. In situ tests 
We received from the operator the weight of the waste delivered to the landfill each year, the biannual surface 
survey of the landfill (with LEICA 1200 GPS) and the subsidence of the measuring points (Fig. 2b). 
 
3. Evaluation of the results of measuring and use of it for modelling 
In soil mechanics, solving of deformational problems for practical reasons, is generally divided into two parts: 
compression and consolidation. We also applied this procedure. 
 
321 Tibor Firgi and Gábor Telekes /  Procedia Engineering  161 ( 2016 )  318 – 323 
3.1. Compression 
Suspension of compression according to the degradation degree is well illustrated by the compression curves in the 
common figure (Fig. 3). Due to the characteristics of the curves, it is a practical approach to use logarithmic or 
exponential function as it is applied in soil mechanics. However, parts under preload stress have to be leaved out of 
consideration and extrapolated, because compression of solid parts (e.g. cans etc.) cannot be ceased loosening during 
sampling.  
The functions are: 
S-1:  İ  = 0,096 Ln(ız) – 0,0311  (R2 = 0.9949)  or  İ  = 0.129 ız0.242 (R2 = 0.9623)  (1) 
S-2: İ  = 0.071 Ln(ız) + 0.0547  (R2 = 0.9936)  or İ  = 0.167 ız0.176 (R2 = 0.9764) (2) 
S-3: İ  = 0.059 Ln(ız) + 0.0619  (R2 = 0.9943)  or İ  = 0.161 ız0.157 (R2 = 0.9851)  (3) 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The compression curves of the tested samples. 
Findings: Analysing the fitting errors, the logarithmic approach shows better results. Increasing load the waste 
samples become more rigid (similarly to the different types of soil). The increase of the degradation degree also makes 
waste more rigid. The waste in different degradation degree can be well characterized only by separate physical 
equation. The load-reload measurement tests show that most of the deformations (over 90%), are not elastic, not follow 
the Hook-low; in rheological aspect the deformation is irreversible. 
The function of oedometric modulus by linearization of the load section: 
 
S-1: Eoed  =   9.73 ızi - 323  [kN/m2] (R2 = 0.9977)      (4) 
S-2: Eoed  = 12.08 ızi - 270  [kN/m2] (R2 = 0.9981)      (5) 
S-3 Eoed  = 13.10 ızi - 29    [kN/m2] (R2 = 0.9880)      (6) 
 
It shows a good agreement with König’s results of in situ tests [5]. 
 
3.2. Consolidation 
The known consolidation models (Terzaghi, Bjerrum) describe the process of consolidation property, but it can be 
characterized only by different parameters and applying immediate compression. 
 Modification of Terzaghi model:   
            (7) 
 
where:    v0 – is the immediate compression settlement 
  v1(t) – is the primary consolidation settlement:      
 
Modification of Bjerrum model:         (8) 
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where:  v2(t) – is the creep settlement:  
 
Details can be found in the publication [6]. Findings: The immediate deformation of the waste shows significant 
differences comparing to soils, which can be a consequence of unsaturation, but it can be rather explained with 
presence of compressible solid “grains”. Creeping is significant too, on the one hand because of the viscous property; 
on the other hand the long-time creeping is depends on degradation. 
3.3. The evaluation of on-site subsidence measurements 
We took into consideration the following points of view at the on-site evaluation of subsidence measuring and 
statistical analysis. The behaviour of the measuring points is different because of the age, another thickness of layers, 
so the physical parameters are changeable. We could use the data of the measuring points installed in the corners, 
because here certain spatial effects can be expected here. 
3.4. Fine element modelling of waste hill 
The determined physical characteristics of the waste (completed with strength and other parameters) can serve as 
input data to the calculation of charge of form, but the method used as a routine in soil mechanics had to be adapted. 
The model chosen for modelling is program Plaxis 2D FEM. We applied modelling based on a preconception, where 
the steps necessary for modelling are as follows. 
1. Preparation of the job. Collection and systematization of physical characteristics of waste and geometrical 
knowledge. Evaluation of input data in terms of reliability, more uncertain data have to be considered as changing 
parameters. 
2. Setting up the modelling concept (hypothesis). The program applying FEM has to be considered a tool, and it 
has to be adjusted to the characteristics of the waste. The crucial question of choice of material model. Three material 
models were tried. Mohr-Coulomb (MC), which is the easiest to use. Hardening soil model (HS), this takes into 
account the effect of stresses on stiffness. The soft soil model with creep (SSC), which describes creeping as well.  
3. Structure of model data system. Idealized geometry and the characteristic value of the site and laboratory tests 
should be used. 
4. Performing numerical calculations. Due to its simplicity kind (possibly two, fresh and after degradation) waste 
characteristics could be taken into consideration. It is closer to reality if waste hill is divided into layers according to 
the degradation and these layers bring into play in time. After this, the parameter sensitivity analysis is required as 
well. 
5. Validation of the model. The model can be improved by on-site measuring of subsidence varying systematically 
according to the input data. 
6. Application of the model. The mechanical behaviour of the hill of waste can be examined with the validated 
model. Other movements can be estimated, after loading cargo too, and the stability of the hill can be calculated as 
well. 
 
 
 
 
 
 
 
 
Fig. 4.  The settlement of the control point. 
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4. Conclusions 
Applying the validated model, the results of calculation were evaluated according to comparison with measuring 
results of the control section (Fig. 4). Regarding the material model, testing an internal point MC model still seems 
acceptable, but not on a surface point it is not. The HS model describes the real nature of the movements, but (due to 
degradation) it is not suitable to model the long-term creeping. The SSC model approaches reality the best and 
application of it can be recommended. Calculation can be specified by more dense subdivision according to the 
deposition phases and the degree of degradation (in space and time). In brief, the described study and modelling 
techniques can be applied to any MSW landfill, taken into account the specific characteristics of given deposit. 
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